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Abstract— Efficient medium access in Vehicular Ad-hoc NET-
works (VANETs) remains a significant challenge. Two types of
Media Access Control (MAC) approaches have been proposed,
namely contention-based and contention-free. We propose a
novel MAC approach called Discretized RAndom Medium Ac-
cess (DRAMA) for VANET. DRAMA is based on a contention-
free MAC, but unlike existing contention-free approaches, it
is neighbor-agnostic. We evaluate the effect on performance
of taking away all forms of channel coordination, thereby
essentially removing neighbor awareness from an existing MAC
approach. The evaluation is performed in terms of packet
delivery ratio, receiver throughput, and end-to-end latency. We
also present a performance evaluation of DRAMA and compare
it to the IEEE 802.11p standard for various traffic scenarios.
The results show that removing awareness from a MAC has a
similar effect on performance to reducing awareness, in terms
of number of hops used. Our performance results demonstrate
performance improvements of 48%, 130%, and 73% over IEEE
802.11p in terms of packet delivery ratio, receiver throughput,
and end-to-end latency, respectively.
I. INTRODUCTION
The field of vehicular communications has attracted sub-
stantial attention over the last few years. Vehicular Ad-
hoc NETworks (VANETs) enable service delivery to vehi-
cles by enabling Vehicle-to-Vehicle (V2V) and Vehicle-to-
Infrastructure (V2I) communications. The various applica-
tions proposed for VANET can be categorized as safety-
related, traffic management, and service-related [1]. The re-
quirements on the communications system for each applica-
tion category are different. Safety messages require message
delivery with low end-to-end latency and high delivery ratio,
which in turn requires fast and uninterrupted access to the
wireless medium. Traffic management transmissions, on the
other hand, are less sensitive to delays and do not require a
high delivery ratio [1], [2].
Access control to the shared wireless medium has proven
to be a challenge for Vehicular Ad-hoc NETworks (VANETs)
due to severe node mobility, varying communications envi-
ronments, and variable node densities and node distributions
apparent in the vehicular environment [3], [4], [2].
In this work we focus on the broadcasting of safety
messages in the V2V context. For these messages, the
requirement is therefore to deliver messages with a high
probability of successful transmission and a low latency,
in scenarios where there is no infrastructure support to
coordinate communications. To support delivery of safety
messages in the V2V scenario, we proposed a contention-free
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approaches with multi-hop neighbor awareness in [5]. In this
work we evaluate the effect of removing neighbor awareness,
and to that end, we propose a Medium Acces Control
(MAC) method, called Discretized RAndom Medium Access
(DRAMA), which uses the same timing sequence as the work
in [5] and [6]. A key feature of DRAMA is, however, that no
attempt is made to interact or coordinate with neighboring
nodes for medium access. We compare the performance of
neighbor-agnostic DRAMA against a multi-hop neighbor-
aware contention-free MAC, and against the existing MAC
standard, IEEE 802.11p, using packet delivery ratio, receiver
throughput, and end-to-end latency.
The rest of this paper is organized as follows. In section II
we describe recent MAC approaches for VANETs and cate-
gorize these methods. Section III presents a novel contention-
free TDMA approach called Discretized RAndom Medium
Access (DRAMA). In section IV we describe the simulation
setup and performance metrics used in our performance
evaluation tests. Performance results are presented in Section
V. Finally, section VI concludes the paper.
II. RELATED WORK
To support Wireless Access in the Vehicular Environment
(WAVE), the IEEE has specified IEEE 802.11p [7] for
Medium Access Control (MAC), and IEEE 1609.4 [8] for
multi-channel access. The IEEE WAVE standards specify a
contention-based protocol that prescribes how nodes compete
for access to the shared wireless medium. Synchronization
is achieved through an access scheme that alternates be-
tween control and safety communications in the first 50
milliseconds, and service communications in the subsequent
50 milliseconds, as illustrated by Fig. 1.
IEEE 802.11p has become the de facto standard MAC for
use in VANETs. However, this approach could lead to un-
bounded medium access delays which is unacceptable for the
transmission of life-critical safety messages. In the broadcast
mode, IEEE 802.11p is also susceptible to the hidden node
problem, which has a severe impact on successful message
delivery. The hidden node problem describes a situation
where two nodes that are in range of a third node, but out
of range of each other, transmit at the same time, causing a
collision at the third node.
To overcome the hidden node problem, the unicast mode in
IEEE 802.11p requires nodes to use Request To Send/Clear
To Send (RTS/CTS) handshaking before transmission is
attempted. Coordination in the broadcasting mode of IEEE
802.11p is simpler: If a unit wants to broadcast, it waits for
a period called the Arbitration Inter-Frame Space (AIFS).
If no activity is sensed during the AIFS, the the node can
transmit. However, if activity is sensed during the AIFS, the
node that wants to transmit backs off for a period called
the Contention Window (CW), after which the process starts
again with the AIFS. The CW is based on a counter, which
increases if the CW is entered into again before a successful
transmission attempt.
To overcome the obstacles inherent to contention-based
approaches, such as IEEE 802.11p, various alternative MAC
approaches have recently been proposed [9], [10], [11],
[3], [12], [6]. The majority of alternative approaches are
contention-free and use Time Division Multiple Access
(TDMA) to coordinate access to the wireless medium.
TDMA synchronization is usually achieved through Global
Positioning System (GPS) time. Since infrastructure cannot
be assumed to be available in the V2V scenario, MAC
methods need to be self-organizing (this is an inherent feature
of IEEE 802.11p). Two types of self-organization are used
by contention-free MAC approaches, namely a group-based
approach [9], [10], [11] and a distributed approach [3], [12],
[5], [6].
In group-based approaches a leader node coordinates
communication and wireless access. The leader node needs
to be aware of all the nodes in the group and the group
is dependent on the continued presence of the leader node,
which is problematic when vehicles are highly mobile and
have intermittent connectivity, as is the case in the vehicular
environment. With distributed approaches, the coordination
responsibility is shared among all the nodes in the network.
Nodes frequently broadcast slot allocation information to
notify their neighbors of their (and other nodes’) slot se-
lection. The notification is different for different approaches
– a binary bit for each slot to indicate slot availability [12], or
the identification numbers of the nodes owning the slots [6],
[5]. The slot allocation information that each node transmits
is based on information the node gathers from surrounding
nodes. What constitutes ”surrounding nodes” is different for
different approaches and ranges from only neighbors in RF
range (immediate neighbors) to multi-hop neighbors, or even
accumulation with limitless number of hops [6]. Even if
multi-hop neighbor awareness is used, these approaches still
suffer from the hidden node problem, which is exaggerated
by vehicle mobility in VANET (as nodes move in range
of each other before other nodes become aware of their
presence). Both the group and distributed approaches incur
communications overheads and suffer from implementation
complexity to maintain coordination despite node mobility.
In [13] we proposed and evaluated a contention-free
TDMA-based MAC approach that uses a predetermined
multi-hop awareness range to distribute MAC slot allocation
information to neighboring nodes, as illustrated in Fig. 2.
Nodes use the information from surrounding slots to select
unused slots, thereby avoiding collisions. The multi-hop
strategy is employed to overcome the hidden problem. When
information from only immediate neighbors is used, i.e.
zero hops, the hidden node problem severely impacts perfor-
mance. For a 1-hop setup (i.e. information from immediate
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neighbors and their neighbors) the effect of the hidden node
problem on performance is reduced, but still significant. We
found that the optimal performance is achieved with two
hops. Further increases in hop-count results in only marginal
performance improvements. Although neigbor agnostic ap-
proaches have been proposed in in [14], [15] and [16], these
approaches cannot be easily modified to add awareness, since
they are not variants of existing neighbor aware approaches.
Since they cannot be easily extended to vary the level of
awareness, it is not easy to evaluate the effect of only
awareness on MAC performance. Other neighbor agnostic
approaches have been proposed and discussed in [14],[15]
and [16], but these are not extensions of existing neighbor
aware approaches, consequently preventing and evaluation
of the effect of different levels of awareness on MAC
performance.
In this paper, we evaluate to what extent having no
neighbor awareness impacts the performance of the MAC,
by completely removing neighbor awareness from the slot
selection process, while keeping the timing sequence and
organizational structure of the MAC intact. The questions
we ask are: How does removing awareness from an existing
MAC with neighbor awareness affect performance under the
extreme mobility apparent in VANET? Also, how does the
resulting performance compare with the contention-based
IEEE 802.11p?
III. PROPOSED CONTENTION FREE MEDIA ACCESS
CONTROL METHOD (DRAMA)
In this section we describe our proposed MAC approach
called Discretized RAndom Medium Access (DRAMA).
DRAMA works on the premise that, due to severe node
mobility and intermittent connectivity, it might make sense
to not even attempt to coordinate slot allocations at all, and
rather risk packet collisions.
To ensure that DRAMA, which has no neighbor aware-
ness, can directly be compared to neighnor-aware MAC,
DRAMA follows the algorithm in [5], except that slots are
not chosen based on neighboring nodes, but at random.
A TDMA frame of 50 slots, of 1 millisecond each, is
on timer (every 1 ms)
if slotCounter == myslot
transmit;
if ++slotCounter >= 50
mySlot = random(50);
slotCounter = 0;
Fig. 3. Algorithm for slot allocation in DRAMA.
TABLE I
ROAD SIMULATION PARAMETERS USED.
Environment Length/Area High density Low density
Highway 1.75 km 25 /km/lane 12 /km/lane
Urban 3 km2 100 /km2 50 /km2
used to match WAVE’s CCH and to enable comparison
with the work in [5] and [6]. This selection also supports
cooperative awareness messages of 8 kilobits at a data rate
of 10 Megabits/second, in line with the WAVE standards
discussed in [17]. Different to traditional contention-free
methods, DRAMA has no coordination between nodes to try
to coordinate communication, apart from synchronization.
Collisions are therefore not avoided by selecting unused
slots, meaning collisions could occur.
At the beginning of every TDMA frame, the node selects
a transmission slot at random to transmit from. All slots
are equally likely to be selected. This is different to Mobile
Slotted ALOHA [14], to allow a direct comparison with our
neighbor aware MACs, and to allow us to single out the
effect of awareness on the MAC performance. Because of the
simplified coordination scheme, no coordination overhead is
required in the transmitted packet. In addition, no time is lost
in re-allocating slots in the event of a node becoming aware
of another node using the same slot, which is the case in
neighbor aware MACs. The simple algorithm for DRAMA
is illustrated in Fig. 3.
IV. SIMULATION SETUP AND PERFORMANCE METRICS
To accurately simulate communications in a vehicular
environment, both the movement of vehicles and commu-
nications characteristics (such as signal path loss, receiver
sensitivity, transmission power, etc.) need to be taken into
account [18]. To simulate this, we use the OMNeT++ net-
work simulator with the MiXiM framework [19][20]. We
use real-world maps from [21] and a road traffic simulation
package, called Simulation of Urban MObility (SUMO) [22].
We conducted performance evaluation tests for highway and
urban driving scenarios with high density and low density
road traffic. The road traffic simulation properties are listed
in Table I.
Table II lists the network parameters used in our network
simulation tests. Each node transmits a cooperative aware-
ness message once per CCH.
We use three metrics to evaluate the MAC methods for
the delivery of safety messages. The first metric is the packet
TABLE II
SIMULATION PARAMETERS USED IN OUR SIMULATION TESTS.
Parameter Value Unit Source
Carrier frequency 5.9 GHz [7]
Transmit power 100.0 (20) mW (dBm) [7][17]
Bitrate 10 Mbps [6][7]
Packet size 8 kbits [7][8]
Path loss exponent (α) 3.0 - [18][23][24]
Receiver sensitivity -80 dBm [17]
Contention Window 31 - 1023 [7][17]
Simulation time 200 seconds
delivery ratio and is defined as
ρ =
∑N
i=1 ri
nRF
∑N
i=1 ti
(1)
where ri is the number of packets received by node i, ti
is the number of packets transmitted by node i, and nRF
is the average number of in-range RF neighbors. The value
of nRF was approximated from a geometric model of the
road environment and the vehicle density. To confirm the
approximation of nRF, we temporarily broke the WAVE
alternating sequence and set the number of slots per TDMA
frame to 1000 and allowed only every tenth node to transmit,
which results in a negligible number of collisions, in which
case ρ should was equal to one. In essence, packet delivery
ratio measures the success ratio of transmissions – the
probability of successful reception for a transmitted packet,
which is crucial for broadcast of safety messages.
The second metric we use is receiver throughput (the
accumulated data received in the network at the application
layer per second, or goodput), averaged per node, which is
defined as
θ =
∑N
i=1 ri
TsimNave
(2)
where Tsim is the simulation duration in seconds, and Nave
is the average number of active vehicles in the network. In
the urban scenarios the value of Nave is 300 and 150 for
the high density and low density tests respectively, and for
the highway scenarios Nave is 262 and 126 for the high
density and low density tests respectively. Note that the total
number of vehicles in the simulation is much higher – Nave
only reflects the number of active vehicles at any given
time. Receiver throughput therefore gives an indication of
how much data was successfully received in the network,
averaged per second and per node.
The third performance metric is the end-to-end latency,
which is defined as the delay from the application-layer
of the transmitting node, to the application layer of the
receiving node. Latency is only calculated for packets that
are received successfully. Since we are evaluating the MAC
layer only, we have not incorporated retransmission attempts
at the application layer, and no Time To Live (TTL) was
enforced.
V. PERFORMANCE RESULTS
The results in Fig. 4 illustrate the receiver throughput
and delivery ratio for different awareness ranges. The results
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Fig. 4. Receiver throughput and delivery ratio results for different
awareness ranges.
TABLE III
EFFECT OF AWARENESS RANGE ON MAC PERFORMANCE.
Awareness Packet delivery ratio Receiver Throughput
None 1.19 74%
0 hops 1.36 80%
1 hops 1.50 91%
2 hops 1.70 99%
show that a reduction in awareness leads to a reduction in
both receiver throughput and delivery ratio, as expected. Re-
ceiver throughput for a neighbor agnostic MAC (DRAMA)
is 9.18% less than a 0-hop MAC, where information from
only the immediate in-range neighbors is used. The same can
been seen in the delivery ratio – use of a 0-hop awareness
range results in a delivery ratio of 6 percentage points more
than the neighbor-agnostic case. The reason for the reduction
in performance, for both the delivery ratio and the receiver
throughput, is the increase in collisions, as more nodes
transmit at the same time due to selecting the same TDMA
slot to transmit in. Surprisingly, for both delivery ratio and
receiver throughput, the removal of awareness has a similar
effect as a single reduction in the awareness range (number
of hops) from 2-hop to 1-hop, and from 1-hop to 0-hop, i.e.
the effect seems to be linear through the awareness boundary
(from 0-hop to no awareness). There was no significant
change in end-to-end latency, since the TDMA-style structure
was the same for all awareness ranges, leading to a latency
of 294 ms – matching the TDMA frame duration and the
MAC buffer length.
We also compared the performance of DRAMA against
IEEE 802.11p. The delivery ratio results in Fig. 5 show
that, despite the absence of any neighbor awareness, the
probability of successful packet delivery is still higher for
DRAMA than for IEEE 802.11p. In broadcasting mode,
IEEE 802.11p is susceptible to the hidden node problem,
which severely affects the delivery ratio. Although DRAMA
does not take its neighbors’ slots into account, the number
of TDMA slots used (50) is enough to effectively minimize
the probability of transmission collisions, given the number
of in-range neighbors and out-of range neighbors that still
cause radio interference despite being out of range.
The receiver throughput results for DRAMA and IEEE
TABLE IV
PERCENTAGE IMPROVEMENT IN DELIVERY RATIO, RECEIVER
THROUGHPUT, AND END-TO-END LATENCY OF DRAMA OVER IEEE
802.11P FOR GIVEN SCENARIOS.
Packet Receiver Latency
delivery ratio throughput
Highway, high density 45 % 159 % 63 %
Highway, low density 47 % 39 % 45 %
Urban, high density 40 % 130 % 73 %
Urban, low density 48 % 85 % 65 %
27% 27%
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Fig. 5. Packet delivery ratio.
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Fig. 6. Receiver throughput.
802.11p are shown in Fig. 6. From the results, we observe
that more data is received per node as a result of the higher
packet delivery ratio and more transmission opportunities
(because the protocol does not need to contend for access
to the medium) when using DRAMA.
The end-to-end latency results are shown in Fig. 7. The
latencies achieved by DRAMA are lower than IEEE 802.11p,
especially in the high-density scenarios, mainly because of
the deterministic nature of the TDMA approach employed.
Since DRAMA does not attempt to coordinate slot selection,
the latency results do not depend on the node density, and
is therefore highly scalable.
The improvements of DRAMA over IEEE 802.11p for the
various traffic scenarios are given in Table IV.
VI. CONCLUSION
In this work we proposed a novel contention-free TDMA-
based MAC method in which slot selection is neighbor-
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Fig. 7. End-to-end latency.
agnostic. In the proposed approach, called Discretized RAn-
dom Medium Access (DRAMA), nodes select random trans-
mission slots before every TDMA frame. We based DRAMA
on existing neighbor aware approaches to measure the impact
of only removing neighbor awareness. Although the slot
selection is random, nodes can only transmit in discrete slots,
leading to a neighbor agnostic TDMA approach. The results
show that removal of neighbor awareness completely has a
similar effect to reducing the number of hops by one hop –
packet delivery ratio and receiver throughput is reduced. The
results further show that DRAMA outperforms IEEE 802.11p
in terms of receiver throughput (40% to 48% improvement),
packet delivery ratio (39% to 159% improvement), and end-
to-end latency (45% to 75% improvement).
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